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administration  of  LP1846  to  male  rats.  The  left  carotid 
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HAN)  by  oral  gavage.  Blood  pressure  was  monitored  before 
dosing  and  for  60  minutes  following  dosing.  Blood  samples 
for  determining  the  presence  of  methemoglobin  and  identifying 
Heinz  bodies  were  obtained  at^-1,  5,  15,  30,  60,  120,  180, 
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LP1846  had  no  effect  on  mean  arterial  pressure  at  a  dos€  of 
50  mg(HAN)/)cg,  but  a  dose  of  100  mg  (HAN) /kg  produced  a 
significant  decrease  of  14%  at  five  minutes.  LP1846  produced 
a  dose-related  increase  of  5.2%  and  10.6%  in  methemoglobin 
values  for  the  50  and  100  mg (HAN) /kg  groups,  respectively. 
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The  times  to  the  maxinfrum  methemoglobin  concentration  were 
1.27  hrs  for  the  50  mg (HAN) /kg  and  2.63  hrs  for  the  100 
mg (HAN) /kg  groups.  ^Heinz  bodies  were  present  in  all  treated 
animals^*  the  time  of  first  observance  being  significantly 
shorter  in  the  high-dose  group.  These  data  suggest  that  the 
presence  of  elevated  methemoglobin  levels  and/or  Heinz  bodies 
would  be  useful  indices  of  occupational  exposure  to  LP1846. 


Key  words: 


Heinz  Bodies,  Methemoglobinemia,  Hypotension, 
Liquid  Propellants,  Hydroxylammonium  nitrate, 
HAN,  Rats,  Nitrates,  LP1846.  ,  .  . 


iaP' 

"<Sf-tcrto 

V  2  y 


flTv.  ■  /.Vi 
;  ITi: 

J-:.  '.  i;.-atlcu _ 


By _ _ _ 

_Dif:tx  i  bxH  cr/ 

ly.ua lt7  Codes 
{AvrtJi  arb.for 


iDlst  j  Speci.%1 


□  crn 


PREFACE 


TYPE  REPORT:  Rodent  circulatory  and  hematological  toxicity 

study 

TESTING  FACILITY: 

US  Army  Medical  Research  and 
Development  Command 

Letterman  Army  Institute  of  Research 
Presidio  of  San  Francisco,  CA  94129-6800 


SPONSOR: 

US  Army  Medical  Research  and  Development  Command 
US  Army  Biomedical  Research  and  Development 
Laboratory 

Fort  Detrick,  MD  21701-5010 
Project  Officer:  Robert  Finch,  PhD 

PROJECT/APC:  USADRDL  Re i mbursab  1  «>  Service  order 

8620/F844,  Project  Order  86PP6823 
(BASIC) ,  TLIR 

GLP  STUDY  NUMBER:  86004 

STUDY  DIRECTOR:  MAJ  Don  W,  Korte,  Jr.,  PhD,  MS 

PRINCIPAL  INVESTIGATORS:  SGT  Gayle  A.  Orner,  BS 

Danley  F.  Brown,  PhD 

REPORT  AND  DATA  MANAGEMENT  :  A  copy  of  the  final  report, 

study  protocol, retired  SOPs,  raw 
data,  analytical  stability  and 
purity  data  for  the  test 
compound,  and  an  aliquot  of  the 
test  compound  will  be  retained 
in  the  LAIR  Archivv's 


TEST  SUBSTANCE:  LP1846 

INCLUSIVE  STUDY  DATES:  10  June  1986-10  October  1986 


ip 


OBJECTIVE:  The  objective  of  this  study  was  to  define  the 
relative  sensitivity  and  reversibility  of  the 
methemoglobinemia,  hypotension,  and  Heinz  body 
formation  following  administration  of  a  single 
oral  dose  of  LP1846  to  male  rats. 


1  1 1 


7?^ 


ACKNOWLEDGMENTS 


The  Division  of  Military  Trauma  Research  (MTR)  provided 
the  use  of  a  co-oximeter,  pressure  transducers,  and  Gould 
recorders.  SGT  Carol  Bossone  and  SSG  Sharon  Velez  provided 
expertise  and  were  especially  cooperative  in  assisting  us 
with  the  use  of  the  MTR  equipment,  and  LTC  John  R.  Hess  from 
the  Division  of  Blood  Research  identified  and  photographed 
the  Heinz  bodies.  LTC  C.  Pamplin  and  Dr.  Ginny  Gildengcrin 
assisted  in  the  statistical  analysis  of  the  data.  SGT  Gregory 
Rothammer,  SP4  Theresa  L.  Polk,  SP4  Scott  L.  Schwebe,  and 
Richard  A.  Spieler  provided  animal  care  and  technical 
assistance.  SSG  James  D.  Justus  and  SP4  Joel  B.  Seewald 
provided  research  assistance.  Colleen  S.  Kamiyama  provided 
secretarial  assistance. 


SIGNATURES  OF  PRINCIPAL  SCIENTISTS  AND  MANAGERS 
INVOI’^D  IN  THE  STUDY 


We,  the  undersigned,  declare  that  GLP  Study  86004  was 
performed  under  our  supervision,  according  to  the  procedures 
described  herein,  and  that  this  report  is  an  accurate  record 
of  the  results  obtained. 


DON  W.  KORTE  JR. 
MAJ,  MS 
Study  Director 


/O 

/  DATE 


A.  ORNER,  B.S. 


IQ  Jf^oy  ^ 

/  DATE 


SGT,  USA 

Principal  Investigator 


Principal  Investigator 


DEPARTMENT  OF  THE  ARMY 

1  (  Tit  UMAN  AI1M  1  IMSTITU  I  E  C)E  KTSI  AftCII 
l"tl  Sil)IOOI  SAN  I  IIA.NUISCI)  CALIEOHNIA  941  «J  G800 


».  .  I'.  V  1 
\  '  T  e:  N  T  .)  N  O  » 


SGRD-ULZ-QA 


10  May  1980 


MEMORANDUM  FOR  RECORD 

SUBJECT:  GLP  Compliance  Statement 

1.  This  is  to  certify  that  the  protocol  for  GLP  Study  Sf'-'jni 
was  reviewed  on  6  June  1986. 

2.  The  institute  report  entitled  "Circulatory  and 
Hematological  Effects  of  Liquid  Propellant  1846  Following 
Oral  Administration  to  Rats,"  Toxicology  Series  109,  was 
audited  on  26  August  1987. 


0axo4-l'^  Ci/awa 

CAROLYN^ M.  LEWIS 
Chief,  Quality  As3ur<4nce 


I 

i 


IS;) 


TABLE  OF  CONTENTS 


Ahi.;  tract 


Acknowledgments . 

Signatures  of  Principal  Scientists . 

QAU  Report  . 

Table  of  Contents . 

BODY  OF  REPORT 

INTRODUCTION 

Objective  . 

mTERIALS  AND  I-iETHODS 

Test  Substance  . 

Vehicle  . 

Animal  Data  . 

Catheterization  Surgery  . 

Allocation/Acceptance  Criteria  ... 

Test  Procedures  . 

Duration  of  Study  . 

Statistical  Analysis  . 

Changes /Deviations  from  Procedures 
Raw  Data  and  Final  Report  Storage 

RESULTS 

Blood  Pressure  . 

Methemoglobine.mia  . 

Heinz  Body  Formation  . 

DISCUSSION . 


CONCLUSIONS 
REFERENCES . 


WMii  wmwimvfx  ip^  ii  n  bh'u  » n  u  “  'i'  sv  vjtm 'in.'  «w  w  W 1  W  V.  M)l  ^  ^Tru*  r\j 


TABLE  OF  CONTENTS (continued) 


APPEND  ICES 


Apf-endix  A 
Appenaix  B 
Arp.ondix  C 
Append jx  P 
Ai^'penni.x  E 


Anpei  .ti  ;  X  P 
Ai'jpe.’id  .  X  C 
Af>f:t'ndix  ii 


Chemical  Dana  . 

Animal  Data  . 

Historical  I.isi.  ing  o‘ 

Blood  Pressure  Data  . 

Mevhemoglobiii  Time  vs  Concent  rat 


St’.K 


E'veni 


on 


f' 


u  rve.i 


M. a  hemoglobin  D.it  a  .  .  .  . 
Me!  liemogl ob in  K inet  i <:s 
H'  inz  Body  Data . 


OFl'TCIAi  fC  STRIBCTTON  DTr'T 


Circulatory  and  Hematological  Effects  of  LP1846 
Administration  to  Rats--Orner  at  al 


INTRODUCTION 


Liquid  propellants  are  being  evaluated  by  the  Armed 
Lorces  because  thejy  offer  several  important  advantages  over 
ccnveritl-onal  solid  propellants.  They  are  less  e.xpensive  to 
produce  and  transport,  are  less  vulnerable  to  secondary 
ignition,  have  increased  ability  to  sustain  operations,  are 
easier  to  store  in  combat  vehicles,  and  can  be  demilitarized 
S'.iv.ply  and  safely  (1).  Since  there  is  considerable  potential 
f  -'i  human  contact  with  the  liquid  propellants  during 
m .iic.ifarture,  transportation,  and  use,  their  health  effects 
c;re  et  interest  to  the  Army.  Previous  studies  on  the 
n.tpi  Opel  iant  hyaroxyiammonium  nitrate  (HAN),  the 
pharmacologically  active  component  of  the  liquid  propellant 
1846  (LP1846)  ,  derrionst rated  that  HAN  induced  hypotension, 
r!e"  he."  oglobinemia,  and  Heinz  body  formation  in  dogs  and  rats 
;  .  The  Division  of  Toxicology,  Letterman  Army  Institute 
..  1  .  ‘■arch  (LAIP.)  ,  was  tasked  by  the  United  States  Army 

Biomeuical  Re  .search  and  Development  Laboratory  (USABRDL)  to 
determine  the  relative  sensitivity  and  reversibility  of  these 
indices  following  LP1846  administration. 


The  objO'Ctive  of  this  study  was  to  define  the  relative 
sensitivity  and  reversibility  of  the  methemoglobinemia, 
hy_potensi  on,  and  Heinz  body  formation  following 
adjTii  n  istrat  ion  of  .i  single  oral  dose  of  LP1846  to  male  rats. 


Orner  et  al--2 


MATERIALS 


METHODS 


This  study  wus  conducted  .in  compliance  with  the  Good 
Laboratory  Practices  (GLP)  regulations  promulgated  by  the 
Environmental  Protection  Ager.cy  (4)  .  LAIR  is  an  AAALAC- 
approved  animal  care  facility  (American  Association  for 
Accreditation  of  Laboratory  Animal  Care,  208A  North  Cedar 
Road,  New  Lenox,  ID  .  All  research  conformed  to  standards 
established  in  the  Guide  for  the  Care  and  Use  of  Laboratory 
Animals  and  with  other  applicable  federal  regulations. 


LP1846  (Lot  #50-4)  was  obtained  from  the  United  States 
Ballistic  Research  Laboratory  (Aberdeen  Proving  Ground,  ND) . 
LP1846  contains  61.5%  hydroxylarrimonium  nitrate  (HAN),  13.4% 
tr iethanolammonium  nitrate  (TEAN) ,  and  20.1%  water  (Fig.  )). 


HQ^  H0-CH2-CH2\ 

H-N-H  NO'  HO-CH2- CH2-N-H 

H  "  J  LHO-CH2- CH2"' 

HAN  TEAN 


Figure  1.  Components  of  LP1846 


Since  the  water  component  acts  as  a  diluent  and 
maintains  the  mixture  in  a  liqu-id  state,  sterile  water  for 
infection  was  selected  as  the  vehicle  for  for.mulating  cn-'' 
dosing  solutions.  The  dose  groups  (50  and  100  mg(HAN)/kg) 
were  calculated  based  on  the  reported  concentration  of  the 
HAT.'  component  in  the  LF1846.  The  final  concentrations  based 
on  in-house  analyses  were  HI .  3  and  166.7  mg  (LP1846) /icg . 

Otl  er  test  substance  information  is  presented  in  Appendix  A. 
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Animal  Para 

Male  Sprague-Dawley  rats  were  used  for  the  study  (Bantin 
&  Kingman  Inc.,  Fremont,  CA) .  The  animal  weights  at  dosing 
rangea  from  227  to  380  grams.  The  animals  were  housed 
inuivl dually  in  stainless  steel,  wire  meshed  cages  with 
automatically  flushing  dumptanks.  The  diet  consisted  of 
certified  Purina  Rodent  Chow®  #5022  (Ralston  Purina  Company, 
St.  Louis,  MO);  purified  water  from  a  Technic  Series  300 
Reverse  Osmosis  Unit  (Seattle,  WA)  was  provided  from  a 
central  line.  The  animal  room  temperature  was  maintained  at 
22°-25°  C  with  a  relative  humidity  range  of  36%-53%.  The 
photoperiod  was  12  hours  of  light  per  day.  Additional  animal 
data  can  be  found  in  Appendix  B. 

Catheterization  Suraerv 

The  rats  were  anesthetized  with  0.5  ml/kg  Innovar-Vet® 
(Janessen  Pharmaceutical  Inc.,  New  Brunswick,  NJ) .  All 
surgeries  were  performed  using  aseptic  procedures. 
Catheterizations  were  performed  using  the  procedures 
developed  by  Brown  and  coworkers  (5-8).  An  incision  (approx. 
2  cm)  was  made  on  the  ventral  surface  of  the  neck,  and  the 
muscles  were  separated  to  expose  the  left  carotid  artery.  A 
small  cut  was  made  in  the  artery,  and  a  polyurethane  catheter 
(inner  diameter,  0.69  mm;  outer  diameter,  1.02  mm)  was 
i  r, rned  approximately  2.5  cm  towards  the  heart  and  sutured 
in  plice.  The  catheter  was  heparinized  (9:1  glycerol : heparin 
[1000  units/mi]  solution),  externalized  on  the  dorsal  surface 
of  the  neck,  and  held  in  place  with  a  Velcro®  patch  (Smalley 
and  Bates  Inc.,  Nutley,  NJ) . 

Allocation/Acceptance  Criteria 

Following  the  3-  to  5-day  recovery  period,  animals  were 
assigned  sequentially  to  a  test  group  as  follows:  0,  50,  100, 
0,  50,  100,  0...  until  a  minimum  of  8  test  animals  had  been 
assigned  to  each  group.  Since  the  study  objective  was  to 
describe  the  relative  sensitivity  and  reversibility  of 
LI'l846's  major  pharmacological  effects,  acceptance  criteria 
were  that  each  experiment  should  run  a  minimum  of  24  hours 
and  sufficient  blood  samples  should  be  obtained  during  this 
time  to  define  the  half-time  of  methemoglobin  reduction. 

These  criteria  were  achieved  even  though  there  were  some 
deaths  attributable  to  acute  cardiovascular  collapse  and  even 
though  other  animals  had  to  be  removed  from  the  study  due  to 
loss  of  catheter  patency  or  displacement.  These  acceptance 
criteria  were  adopted  with  the  understanding  that  the  acute 
hemodynamic  effects  might  be  understated  because  those 
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animals  that  died  iii  acute  cardiovascular  collapse  were 
eliminated  from  the  study. 

Test  Procedures 

Animals  were  removed  from  their  cages  3  to  5  day.s 
following  catheter  implantation  and  acclimated  to  the 
container  in  which  the  procedures  were  performed.  Catheter 
patency  was  confirmed.  These  catheters  were  then  filled  v/iti. 
a  solution  of  heparinized  saline  (9:1  saline : hepari.n  [1000 
units/ml] )  and  attached  to  a  Stathem  DD  transducer  (Stathem 
Laboratories,  Hato  Rey,  Puerto  Rico) .  The  transducer  signal 
was  monitored  via  a  Gould  2200  polygraph  (Cleveland,  OH)  and 
electrically  dampened  to  obtain  mean  arterial  pressure  (9) . 
LP1846  and  vehicle  were  administered  by  oral  gavage.  Blood 
pressure  was  recorded  from  five  minutes  before  dosing  to  f.O 
minutes  after  LP1846  administration.  Time  periods  selected 
for  analysis  of  mean  arterial  pressure  were  at  -1  (baseline) , 
5,  15,  30,  and  60  miniites  after  dosing.  Heparinized  blcod 
samples  (0.25  ml)  for  determining  methemoglobin  and 
identifying  Heinz  bodies  (10)  were  collected  at  -1  (baseline) 
and  5,  15,  30,  60,  120,  180,  240,  300  and  360  minutes,  and 
then  at  24-hour  intervals  after  dosing  until  methemoglobin 
vaiues  had  returned  to  normal  or  an  animal  was  remov'ed  from 
study  because  of  catheter  patency  failure  after  the  24-hour 
minimal  acceptance  period.  Blood  samples  were  refrigerated 
until  measurements  were  made.  Methemoglobin  values  were 
determined  using  a  Model  282  Co-oximeter  (Instrumentation 
Laboratories,  Lexington,  MiA)  (11)  .  Fresh  blood  samples  were 
stained  with  crystal  violet  to  det^^rmine  the  presence  of 
Heinz  bodies  (12)  . 

Duration  of  Study 

Appendix  C  is  a  complete  list  of  historical  events. 
Statistical  Analysis 

Randomness  of  allocation  procedures  was  confirmed  for 
the  baseline  blood  pressure  and  methemoglobin  values  by  one¬ 
way  analysis  of  variance  (AMOV'A)  .  Since  there  were  no 
significant  differences  in  tiie  baseline  mean  arterial 
pressures,  the  dose  groups  were  compared  using  a  two-way 
analysis  of  covariance  with  time  as  a  repeated  measure  and 
the  baseline  values  as  a  covariate.  The  multivariate  t- 
me’ )iod  was  then  used  to  m.nke  t)ie  planned  comparisons.  T!ien  a 
cm  -way  analysis  of  variarice  was  performed  to  test  tor 
di  feronces  between  baseij..n  and  the  5,  15,  30,  and  60  mjii. 
tii.ie  points  for  eac)i  group.  The  change  from  baseline  at  each 
tire  point  was  compared  by  one-way  ANOVA  and,  if  a 
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significant  F  value  was  obtained,  Dunnett's  t-test  was 
pc‘i  I  oi  moci  (11,  14).  These  statistical  ana  1  y.sc.s  were 

peiiormed  with  the  BMDP  statistical  software  package  (15)  on 
the  Data  General  MV/8000  computer.  The  methemoglobin  data 
were  analyzed  by  nonlinear  regression  using  a  modified 
Marquardt  algorithm  for  non-linear  least  squares  regression 
(16) .  The  data  were  fitted  to  a  one-compartmental  open 
model,  and  toxicokinetic  indices  (half-time  of  methemoglobin 
reduction,  peak  concentration,  time-to-peak  concentration, 
and  area  under  the  time-concentration  curve)  were  derived.  A 
student's  t-test  was  used  to  compare  the  kinetic  indices  for 
the  two  test  groups.  The  presence  of  Heinz  bodies  was 
evaluated  qualitatively.  Time  of  appearance  of  Heinz  bodies 
in  the  two  test  groups  was  compared  using  the  student's  t- 
test .  All  tests  were  performed  at  the  .05  level  of 
significance . 

Changes/Deviations  from  Procedures 

Originally,  blood  pressure  tracings  were  to  be  taken 
before  dosing,  at  5,  15,  30,  and  60  minutes  after  dosing,  and 
then  at  or  :;-hour  intervals  for  six  hours.  Preliminary 
studies  indicated  that  the  significant  blood  pressure  changes 
occurred  within  the  first  hour.  The  times  of  recording  were 
changed  to  enable  closer  monitoring  of  the  first  hour, 
particularly  the  first  15  minutes.  The  timetable  was  changed 
to  monitor  the  blood  pressure  continuously  from  one  minute 
before  to  15  minutes  following  dosing,  and  then  at  five- 
rinute  intervals  for  the  first  hour.  No  pressure  tracings 
were  taken  after  the  first  hour. 

Due  to  the  relatively  long  half-time  for  methemoglobin 
reduction  following  LP1846  administration  in  rats,  there  was 
some  difficulty  in  maintaining  catheter  patency  during  the 
period  required  for  the  methemoglobin  values  to  return  to 
baseline.  Starting  on  26  Aug  1986,  we  used  a  blood  sample 
from  the  tail  vein  of  the  animal  if  the  catheter  was  no 
longer  patent. 

The  protocol  indicates  that  the  animals  would  be  allowed 
to  recover  for  three  days  following  catheterization.  This 
was  changed  to  a  recovery  period  of  three  to  five  days.  This 
allowed  the  catheterization  of  more  than  two  rats  in  a  day 
which  provided  backups  on  the  day  of  dosing  in  case  the 
catheters  of  the  animals  scheduled  to  be  dosed  were  not 
patent.  Extra  animals  could  be  dosed  the  following  day, 
rather  than  being  eliminated  from  the  study.  The  recovery  of 
rats  from  catheterization  surgery  is  complete  after  three 
days  (6) .  An  extra  day  or  two  of  recovery  should  not  have 
made  a  difference  in  the  study  results. 
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Two  power  outages  occurred  during  the  course  of  the 
study.  On  25  June  and  on  19  July  the  animals  were  without 
water  for  approximately  four  hours.  The  room  humidity  and 
temperatures  were  not  stable  during  these  times.  The  animals 
were  also  without  water  for  a  period  between  the  p.m. 
observations  on  5  Sept,  and  the  a.m.  observations  on  6  Sept. 
No  signs  of  dehydration  were  noted  after  these  occasions. 

Raw  Data  and  Final  Report  Storage 

A  copy  of  the  final  report,  study  protocols,  raw  data, 
retired  SOPs,  and  an  aliquot  of  the  test  compound  will  be 
retained  in  the  LAIR  Archives. 


RESULTS 

BlQQd  Pressure 

The  mean  and  standard  error  of  the  mean  (SEM)  fcr  the 
blood  pressure  measurements  (at  the  prescribed  time  periods) 
are  given  in  Table  I  for  each  group.  Only  the  100  mg 
(HAN) /kg  dose  of  LP1846  produced  a  significant  decrease  in 
mean  arterial  pressure  (MAP).  The  17.3  mm  Hg  decrease  in  MAP 
at  5  minutes  after  oral  administration  was  significantly 
greater  than  the  decrease  in  MAP  observed  in  the  control  or 
50  mg  (HAN) /kg  group.  Appendix  D  is  a  listing  of  the  mean 
arterial  pressures  of  the  test  animals. 

Methemoglobinemia 

LP1846  produced  a  prolonged  dose-related 
methemoglobinemia  in  the  rat  following  oral  administration. 
Methemoglobin  kinetic  values  are  given  in  Table  II.  The 
half-time  for  methemoglobin  reduction  (T-1/2  Red)  was 
approximately  4  days  for  both  doses,  and  the  time  to  maximum 
methemoglobin  concentrations  (T-max)  was  1.27  hrs  and  2.63 
hrs  for  the  50  and  100  mg (HAN) /kg  dose  groups,  respectively. 
There  were  no  significant  differences  in  these  two  variables 
between  the  two  groups.  The  area  under  the  curve  (AUC) 
described  by  the  time  vs  %  methemoglobin  plot  was 
significantly  larger  in  the  100  mg(HAN)/kg  than  in  the  50 
mg (HAN) /kg  dose  group  as  was  the  maximum  methemoglobin 
cor centration  (C-max) .  Appendix  E  contains  the 
cor  centration  versus  time  curves  for  the  methemoglobinem.ia 
coferved  in  the  50  and  100  mo(HAN)/kg  dose  groups, 

: pect  ively .  Tna  naii-titi  r  for  methemoglobin  reduction  is 
listed  under  the  T-1/2  column  of  the  parameters  as  Term  2. 
Methemoglobin  values  averaged  between  1.1%  and  1.3%  in  tlie 
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control  group  throughout  the  observation  period  which 
extended  6  days  or  longer  for  some  experiments.  Appendix  F 
is  j  listing  of  the  methemoglobin  values  for  all  animals  and 
Appendix  G  shows  the  methemoglobin  kinetics. 


No  Heinz  bodies  were  observed  in  blood  samples  from 
control  group  animals  at  any  time  period.  Heinz  bodies  were 
observed  in  the  blood  samples  of  all  treated  rats.  Figure  2 
is  a  graphical  representation  of  the  time  of  appearance  of 
Heinz  bodies  in  the  50  and  100  mg (HAN) /kg  groups.  There  was 
a  significant  decrease  in  onset  of  time  of  appearance  of 
Heinz  bodies  from  the  50  to  100  mg(HAN)/kg  group.  The 
disappearance  of  Heinz  bodies  from  the  circulation  was 
difficult  to  monitor  because  of  periodic  losses  of  catheter 
patency  and  animals  from  the  study  as  the  observation  period 
continued.  However,  the  data  suggest  that  the  time  of 
disappearance  of  the  Heinz  bodies  parallels  the  reduction  in 
methemoglobin.  At  the  100  mg (HAN) /kg  dose  essentially  every 
erythrocyte  had  Heinz  bodies.  The  percentage  of  erythrocytes 
with  Heinz  bodies  was  much  more  variable  in  the  50  mg (HAN) /kg 
group.  Some  animals  had  blood  samples  essentially  the  same 
as  those  in  the  100  mg (HAN) /kg  group  while  other  animals  had 
very  few  Heinz  bodies.  Appendix  H  is  a  complete  listing  of 
the  times  for  first  appearance  of  the  Heinz  bodies. 
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lABI.K  I 

The  Effect  of  Otciliy  Acir; ;  n  i  stored  LP18‘^6  on  Mean  Artcial 
Prersr.re  {nt;r  iiq)  in  Conscious  Rats'^ 


Gioup  Ti:!iO  (min) _ AiLei  Dos  inn 


-1^ 

5 

15 

30 

60 

Control 

118.  •: 

i  1 8 . 4 

123.0 

120.9 

118.8 

{n  =  8) 

±  3  .  r 

±3 . 5 

±4  .  7 

±3 . 2 

±9.2 

5C  mg  (H/\N)  /kq 

•'  ?0.  1 

117.1 

121.0 

115.6 

122.9 

(n  =  8) 

XS  .  '3 

±4 . 0 

±5.1 

±8 . 5 

x6 . 9 

100  mg (HAN) /kg 

1/3.5 

106.3'^'® 

119.4 

123.4 

1  22.4 

(it-B) 

±1  .  4 

±  'i .  :•> 

±7 . 3 

±t .  8 

±8  .  4 

a.  Values  are 

moan  ± 

standard  error  of 

the  niean  . 

b.  Measurements  were 

were  considered  ba 

obt  lined  one 
selLne  observ 

mi nute 
ci  t-  i  o  n  s 

before  dos 

ing  and 

c.  Animal  #393 

was  not  included  in 

the  statistical 

a  r,  a  1  y  s  i 

clue  to  several  missing  data  points. 

d.  Significantly  different  from  baseline  (-1  min)  when 

compareci  tising  one-way  ANOVA  and  Multivariate  t-m‘='t  Viod, 
p  <  0.05. 

Cnangc  from  in-  tor  the  100  mg  (HAN) /kg  dose  gtonp 

was  siqnift'a:.:  i\  ciijteri'nt  from  the  change  from 
rv- n.,' i  1  r.t  ■  '  ^  ■  ;,i  /''Mcle  fontrol  wher.  compare  1  using 

o,  i-w,!V  h.: :  ;  r.'.inii' ;  '  s  t-test,  p  tO.05. 
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TABLE  II 

: lethemogiobin  Kinetics  Following  Oral  Administration  of 
LP1846  to  the  Conscious  Rat^'^ 


Iz 

-1/2  Red 
(hrs) 

AUC 
(%  hrs) 

T-maK 

(hrs) 

Crma^^ 

(%) 

50  mg (HAN) /kg 

113.1 

848.3 

1.27 

5.2 

(n=8) 

±9 . 4 

±87.3 

±0.15 

±0.5 

100  mg (HAN) /kg 

93.2 

1358. Od 

2.63 

10. 6^ 

(n=8) 

±12 . 4 

±100.9 

±1.22 

±1  .  1 

a.  Abbreviations: 

T-1/2 

Red:  half-time 

for  methemoglobin 

reduct  ion 

AUC :  area  under  the  curve  described  by 
the  methemoglobin  vs  time  plot 

T-Max:  time  to  maximum  methemoglobin 
concentration 

C-max:  maximum  methemoglobin 
concentration 


b.  V'alues  are  mean  ±  standard  error  of  the  mean. 

c.  Control  Methemoglobin  values  did  not  change  from 
baseline.  No  kinetic  analysis  was  attempted. 

d.  Significantly  different  from  50  mg(HAN)/kg;  Student's  t- 
test,  p  <  0.05. 
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DISCUSSION 

The  objective  of  this  study  was  to  describe  the  relative 
sensitivity  and  the  reversibility  of  LP1846  on  certain 
hr-'^odvr^'nic  and  hematological  variables.  It  has  previously 
be  -'i  established  that  liquid  propellants  containing  PIAN 
produce  a  profound  systemic  hypotension  and 
methemoglobinemia,  plus  other  blood  dyscrasias,  in  the  dog 
and  rat  (2) .  Preliminary  studies  in  this  laboratory 
confirmed  the  acute  toxicity  of  the  HAN-containing  liquid 
propellant,  LP1846,  in  the  rat.  A  single  orally  administered 
dose  of  LP1846,  200  mg (HAN) /kg,  equivalent  to  approximately 
one-half  the  median  lethal  dose,  produced  at  3  hours  a  50% 
decrease  in  MAP,  v.’hich  had  returned  to  baseline  values  by  6 
hours.  In  the  same  animal,  LP1846  produced  a  46% 
methemoglobinemia  15  minutes  after  administration.  Sixty-six 
hours  after  dosing,  the  methemoglobin  concentration  in  this 
animal  still  exceeded  18%.  On  the  basis  of  these  data,  two 
doses  of  LP1846  were  selected  to  determine  the  relative 
sensitivity  and  reversibility  of  LP1846  effects  on  blood 
pressure,  methemoglobin  concentrations,  and  Heinz  body 
formation.  The  two  doses  of  LP1846  were  50  and  100 
mg (HAN) /kg.  Doses  were  based  on  the  concentration  of  HAN  in 
the  LP1846  mixture  as  previous  studies  had  indicated  that  HAN 
was  the  active  component  for  the  hemodynamic  and 
hematological  changes  observed  following  liquid  propellant 
administration  (2,17). 

Our  study  established  that  100  mg(HAN)/kg  of  LP1846 
administered  orally  produced  a  significant  yet  transient 
hypotension  in  conscious  rats.  As  described  in  the 
acceptance  criteria  section,  the  magnitude  of  the  hypotensive 
response  may  have  been  understated  since  the  requirement  for 
a  successful  experiment  was  that  the  animal  remain  "on  study" 
for  at  least  24  hours.  However,  this  requirement  was 
necessary  to  ensure  sufficient  successful  experiments  for 
determining  the  time  course  for  the  methemoglobinemia  and 
Heinz  body  formation.  The  lack  of  a  hypotensive  effect  at  the 
50  mg (HAN) /kg  dose  level  suggests  that  the  threshold  for  this 
response  is  between  50  and  100  mg (HAN) /kg. 

LP1846  produced  a  dose-related  methemoglobinemia  as 
indicated  by  peak  concentration  and  area-under-the-curve 
measurements.  The  relationship  between  the  peak 
methemoglobin  concentrat  ion  and  dose  of  LP184()  was 
essentially  linear  with  methemoglobin  values  of  5.2%  and 
10.6%  for  the  50  and  100  mg (HAN) /kg  doses,  respectively. 

Thus,  the  methemoglobin  concentration  appears  to  be  a 
sensitive  indicator  of  LP1846  (e.g,,  HAN)  in  the  blood. 

Inere  were  no  significant  differences  in  the  half-times  for 
methemoglobin  reduction  at  the  two  dose  levels.  These  data 


varied  more  than  the  peak  concent ra’' ion  data  because  there 
were  fewer  data  points  from  the  later  sampling  periods  which, 
if  present,  would  have  provided  a  more  accurate  description 
of  the  half-time  for  methem.oglobin  reduction.  The  relatively 
long  half-time  (approximately  4  days)  for  methemoglobin 
reduction  following  LP1846  administration  reflects  either  a 
depression  of  methemoglobin  reductase  activity  by  HAN  or  a 
relatively  long  elimination  lialf-time  for  HAN  or  its  active 
methemoglobin-forming  metabolites.  The  prolonged  sodiun. 
nitrate-induced  m.ethemoglobinemia  in  mice  has  been  attributed 
to  methemoglobin  reductase  inhibition  (18).  However,  this 
may  not  be  the  case  in  che  rat.  The  rat  has  a  relatively 
fast-acting  methemoglobin  reductase  and  there  is  a  good 
correlation  between  methemoglobin  time  orofiles  and 
elimination  profiles  for  methemoglobin-forming  drugs  such  as 
dimethylaminophenol  and  p-amincpropiophencne  (19) .  Therefore 
we  may  speculate  that  the  long  half-time  for  methem.oglobin 
reduction  is  attributacle  'o  a  long  half-time  of  eirmination 
for  HAN.  Studies  of  the  metabolic  fate  of  LP1846  (HAN) 
would  answer  these  questions  ano  provide  much  needed 
information  for  treating  rases  ot  accidental  poisoning. 

Formation  of  Heinz  bodies  in  erythrocytes  is 
characteristic  of  many  ox3oative  compounds  (20). 

CGnoeqU',:nt  iy,  it  has  been  roposed  that  Hein?,  body  formation 
is  directly  associated  with  methemoglobin  production  (21). 
Although  the  consensus  is  that  methemoglobin  and  Heinz  body 
formation  are  not  directly  related,  a  definitive  study  has 
net  been  conducted.  The  I.ri846  data  do  not  help  to  resolve 
this  old  controversy.  On  one  hand,  the  time  courses  for 
elimination  of  Heinz  bodies  and  reduction  of  m.ethemoglobin 
following  administration  of  LP1846  are  similar,  although  this 
comparison  relies  on  a  qualitative  analysis  for  the  presence 
of  Heinz  bodies.  As  discussed  previously  for  the 
methemoglobin  data,  this  tlm.e  course  of  elimination  may,  in 
fab'.,  reflect-  a  long  o’.jmiiation  half-time  for  LP1846  (HAN). 
Cc nvu-i -,,e ly ,  the  cata  may  suggest  also  that  differertt 
mechanisms  account  for  formation  of  methemoglobin  ar.d  Heinz 
bo  lie"  because  tfv're  is  a  dose-dependent  decrease  in  time  of 
api^earance  of  Heinz  bodies,  whereas  there  is  no  significant 
difference  in  the  time  to  maximum  methemoglobin 
concentrations  for  the  two  doses  of  LP1846. 


CO'JCLUSIONS 

This  .utu'iy  "cnfirms  *■  "l.^er  reports  that  HAN-containing 
’..i.'  grovel  i  .n  :  ;  -cc/c  poLons ion,  m.ethenoclobinemia , 
and  Heinz  body  formation.  The  data  from  this  study  indicate 
rh  all  measured  variables  respond  in  a  dose-related  fashion 
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to  LP1846  exposure.  LP1846,  or  its  HAN  component,  was  more 
potent  in  producing  methemoglobin  and  Heinz  body  formation 
than  in  producing  hypotension.  Consequently,  either 
methemoglobin  or  Heinz  body  formation  (or  preferably  both 
since  their  formation  may  not  be  mechanistically  related) 
sho.  id  Le  monitored  periodically  during  occupational 
exposure.  The  hypotensive  response  was  transient  at  the 
doses  used  in  the  study;  larger  doses  produced  longer,  more 
prolonged  periods  of  hypotension  as  is  true  with  nitrate 
salts  in  general.  The  relatively  long  half-time  of  four  days 
for  methemoglobin  reduction  in  the  rat  following  LP1846 
administration  suggests  that  LP1846  may  have  a  long  half-time 
of  elimination.  Thus,  one  she  'Id  monitor  methemoglobin  and 
Heinz  body  formation  during  periods  of  prolonged  exposure  to 
LP 1846. 
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CHEMICAL  DATA 

Che  ical  name:  Liquid  Gun  Propellant  1846  (LP  1846) 

Lot  Number:  50-4 
L^  ■  ;"''der  TP  6 9 

Propellant  Components:  hydroxylammonium  nitrate  (HAN) 

triethanolammonium  nitrate  (TEAN) 

Chemical  Structures: 


HO^  1''  rH0-CH2-CH2s 

H-N-H  N0“  HO-CH2- CH2-N-H 

_H  ^  J  [hO-CH2-CH2^ 

han  tean 

Molecular  Formula:  HAN:  H4N2O4,  TEAN:  C6H15N2O6 
Molecular  Weight:  HAN:  96.04,  TEAN:  211.19 
Analytical  Data: 

LP  1846  was  analyzed  by  titration  with  a  standardized 
alcoholic  solution  of  potassium  hydroxide  using  a  procedure 
:,urcj.  led  by  Charles  Leveritt.-^  This  yielded  the  sum  of  the 
HAL  and  TEAN  components.  Titration  of  the  propellant  after 
heating  with  benzaldehyde  provided  the  concentration  of  HAN 
alone.  Analysis  of  the  compound  in  this  laboratory  gave  the 
following  composition:'^ 

HAN  61.5% 

TEAN  18.4% 

Water  20.1% 

Source:  Charles  S.  Leveritt 

Advanced  Ballistic  Concepts  Branch 
US  Ballistics  Research  Laboratory 
Interior  Ballistic  Division 
Aberdeen  Proving  Ground,  MD 

-^Leveritt,  CS .  [Letter].  SUBJECT:  Analysis  of  liquid 
propellants  by  titration  (15  April  1986) .  Aberdeen  Proving 
Ground,  Maryland:  US  Army  Laboratory  Command,  Ballistic 
Research  I.aboratory. 

‘^'Jlieeler,  CR.  Toxicity  testing  of  propellants.  Laboratory 
Notebook  #85-12-023.2,  pp  17-23.  Letterman  Army  Institute  of 
'Research,  Presidio  of  San  Francisco,  CA. 
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ANALYSIS  OF  LIQUID  PROPELLANT  1846  AND  DOSING  SOLUTIONS 

LP1846  and  the  dosing  solutions  prepared  from  it  were 
analyzed  for  percent  hydroxyl ammonium  nitrate  (HAN)  and 
triethanolammonium  nitrate  (TEAN)  using  an  unpublished 
procedure  supplied  by  Charles  Leveritt.-^  In  the  first  step) 
(Step  A)  of  the  procedure,  the  propellant  is  titrated  with  a 
standardized  alcoholic  solution  of  potassium  hydroxide  (KOH) . 
This  titration  yields  the  sum  of  the  HAN  and  TEAN  components. 
The  second  step  (Step  B)  involves  titration  of  the  propellant 
after  heating  with  benzaldehyde,  providing  the  concentration 
of  HAN  alone.  From  the  results  of  these  two  titrations  the 
composition  of  the  propellant  is  determined.  Dosing 
solutions  were  analyzed  by  determining  the  concentration  of 
HAN  alone. 

PROCEDURE : 

An  alcoholic  solution  of  KOH  was  prepared  by  dissolving 
12  g  of  reagent  grade  KOH  and  200  mg  of  reagent  grade  barium 
nitrate  in  12  ml  of  water.  The  solution  was  mixed,  allowed 
to  stand  overnight,  and  filtered.  The  solution  was  then 
diluted  to  one  liter  with  reagent-grade  ethanol  and  the 
normality  determined  by  titration  with  standard  benzoic  acid 
using  phenolphthalein  as  the  indicator.  A  second 
standardization  with  potassium  hydrogen  phthalate  was  also 
performed . 

In  Step  A,  each  sample  (denoted  An)  was  added  to  a  150 
ml  flask  and  diluted  with  50  ml  of  95%  ethanol.  Two  drops  of 
phenolphthalein  were  added  to  each  flask  and  the  samples 
titrated  to  the  first  pink  color  lasting  30  seconds  or  more. 
In  Step  B,  another  set  of  samples  (denoted  Bn)  were  added  to 
flasks  containing  1  ml  of  benzaldehyde  and  50  ml  of  ethanol. 
These  samples  were  heated  to  50  to  60°C  for  about  5  minute.s 
an  tit  rated  using  brcmpher.ol  blue  as  the  indicator. 
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CALCULATIONS: 

From  Step  B  the  percent  HAN  was  determined  as  follows: 

meq  HAN  in  Bn  =  (ml  KOH  to  titrate  Bn)  x 
(normality  KOH  soln) 

%  HAN  =  (meq  HAN  in  Bn)  x  (96.04  mg  HAN/1  meq  HAN)  x 
(1/weight  Bn)  x  100 

Once  the  %  HAN  has  been  determined,  the  %  TEAN  and  % 
water  can  be  calculated  from  Step  A: 

meq  HAN  in  An  =  (%  HAN)  x  (weight  An)  x 
(1  meq  HAN/ 96. 04  mg  HAN) 

total  meq  (HAN  +  TEAN)  =  (ml  KOH  to  titrate  An)  x 
(normality  KOH  soln) 

meq  TEAN  =  (total  meq  (HAN  +  TEAN) )  -  (meq  HAN  in  An) 

%  TEAN  =  (meq  TEAN)  x  (122.08  mg  TEAN/1  meq  TEAN)  x 
(1/weight  sample  An)  x  100 

%  WATER  =  100  -  (%  HAN  +  %  TEAN) 

For  the  analysis  of  dosing  solutions,  the  determination 
:-f  cLe  concentration  of  HAN  was  the  only  calculation 
lequA  red : 


mg  HAN/ml  --  (meq  HAN)  x  (96.04  mg  HAN/1  meq  HAN)  /  (1  ml) 
RESULTS : 

LP1846  was  analyzed  on  16  July  86  using  0.1533  N  KOH.'^ 
Sample  weights  and  titrant  volumes  for  Steps  A  and  B  are 
presented  in  Table  1. 


TABLE  1.  Analysis  of  LP1846. 
STEP  A  STEP  B 


Sample  Wt 

248.7 
244  .  7 

270.8 


(mg) 


KOH  (ml) 
12 . 91 
12.85 
13.65 


Sample  Wt  (mg)  KOH  (ml) 


242 . 1 

262.4 

246.5 

26Q.6 


10.11 

11.00 

10.29 


Average :  254.7 


13.14 


252 . 9 


10 . 57 
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Based  on  these  results  the  composition  was  determined  to  be 
61.5%  HAN,  18.4%  TEAN,  and  20.1%  water. 

The  dosing  solutions  were  analyzed  by  titration  on  22 
July  86  using  0.1574  N  KOH.-^  Presented  in  Table  2  are  the 
data  obtained  for  Steps  A  and  B  of  the  analysis.  The  50  mg 
HAN/ml  and  the  100  mg  HAN/ml  dosing  solutions  were  determined 
to  have  actual  concentrations  of  54.6  mg  HAN/ml  and  106.0  mg 
HAN/ml,  respectively. 


TABLE  2.  Analysis  of  Dosing  Solutions. 

TARGET  KOH  (ml) 

CONCENTRATION 

(mg/ml)*  STEP  A  STEP  B 


50i 

4.48 

3 . 64 

502 

4.21 

3.59 

lOOi 

8.17 

7,04 

1002 

8.31 

6.99 

*Two  1  ml  aliquots  of  each  dosing  solution  were 
analyzed . 


■^Leveritt  CS .  [Letter].  SUBJECT:  Analysis  of  liquid 
propellants  by  titration  (15  April  1986).  Aberdeen  Proving 
Ground,  Maryland:  US  Army  Laboratory  Command,  Ballistic 
Research  Laboratory. 

^Wieelcr  CR.  Toxicity  Testing  of  Propellants.  Laboratory 
Notebook  #85-12-023.2,  pp  17-22,  Letterman  Army  Institute  of 
Research,  Presidio  of  San  Francisco,  CA. 

^Ibid,  pp  24-31. 
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ANIMAL  DATA 


Sp'icies:  Rattus  norvegicus 


Strain:  Sprague-Dawley 

Source:  Bantin  &  Kingman 

Laboratory  Animal  Consultants 
3421  Yale  Way 
Fremont,  CA  94538 


Sex:  Male 


Age  at  dosing:  11  to  15  weeks 

Condition  of  animals  at  start  of  study:  Normal 

Body  weight  range  at  dosing:  227-380  grams 

Identification  procedures:  Ear  tag,  tag  numbers 

inclusive:  204,  208,  227,  231,  233,  234,  236,  242, 
248,  252,  271,  280-319,  357,  367,  370,  387,  393, 
474-502 


Pretest  conditioning: 

1.  One  week  quarantine 

2.  Polyurethane  catheters  microsurgically  implanted 
3-5  days  before  dosing. 

3.  Food  was  removed  the  day  prior  to  dosing 


Justification;  Previous  studies  on  this  compound  have  been 
performed  on  rats,  and  this  species  is  a  proven 
acceptable  model  for  methemoglobin  studies. 
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HISTORICAl.  LISTING  OF  STUDY  EVENTS 

I 

Date  Event  ' 


10  Jun  86 

10  Jun-10  Oct  86 

11  Jun  86 

12  Jun  86 

13  Jun  86 

16  Jun  86 

17  Jun  86 


18  Jun  86 


19  Jun  86 

20  Jun  86 

23  Jun  86 


24  Jun  86 


25  Jun  86 


26  Jun  86 


27  Jun  86 


Eleven  animals  were  transferred  from  GLP 
85021  to  GLP  86004. 

Animals  were  checked  twice  daily. 

One  animal  was  catheterized. 

Two  animals  were  catheterized. 

Two  animals  were  catheterized. 

One  animal  was  catheterized.  One  was 
sacrificed  after  catheter  pulled  out. 

One  animal  was  weighed  and  dosed  with  test 
compound.  Blood  pressure  was  monitored  and 
blood  samples  acquired  before  and  after 
dosing.  Catheterized  one  animal.  Weighed 
animals.  Received  shipment  of  20  animals 
which  were  examined,  eartagged,  weighed, 
housed  and  fed. 

One  animal  was  catheterized.  One  animal 
was  dosed.  Follow-up  blood  samples  were 
taken  on  previously  dosed  animal. 

Three  animals  were  catheterized. 

One  animal  was  dosed.  Three  animals  were 
sacrificed. 

One  animal  was  dosed.  Follow-up  samples 
were  taken  on  a  previously  dosed  animal. 
Animals  were  weighed.  Two  animals  were 
catheterized.  Animals  from  17  Jun 
shipment  were  removed  from  quarantine. 

Two  animals  were  catheterized.  Two  animals 
were  dosed.  Quality  control  animal  (from 
17  Jun  shipment)  was  submitted  to 
necropsy . 

Two  animals  were  catheterized.  One  animal 
was  sacrificed.  Received  shipment  of  20 
animals  which  were  examined,  eartagged, 
weighed,  housed  and  fed. 

Three  animals  were  catheterized.  One 
animal  was  dosed  and  one  animal  was 
sacrificed.  Quality  control  animal  was 
submitted  to  necropsy  from  25  Jun 
shipment . 

Two  animals  were  catheterized.  Two  animals 
were  dosed.  One  animal  was  sacrificed. 
Follow-up  blood  samples  were  taken. 
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30  Jun  86 

1  Jul  86 

2  Jul  86 

3  Jul  86 

4  o ul  86 

7  Jul  86 

8  Jul  86 

9  Jul  86 

10  Jul  86 


11 

Jul 

86 

32 

Jul 

86 

3  4 

Jul 

86 

15 

Jul 

86 

16 

Jul 

86 

17 

Jul 

86 

18 

Jul 

86 

21 

Jul 

86 

Jul 

86 

.';5 

Jul 

86 

28 

Jul 

86 

29 

Jul 

86 

3  3 

Jul 

86 

31 

Jui 

86 

1  Aug  i 

86 

Sacrificed  four  animals.  Weighed  animals 
and  took  follow-up  blood  samples. 

Dosed  one  animal.  Sacrificed  one  animal. 
Four  animals  were  catheterized.  Two 
animals  were  sacrificed. 

Three  animals  were  catheterized. 

Animals  rrom  17  Jun  shipment  were  removed 
from  quarantine. 

Four  animals  were  catheterized.  Two 
animals  were  dosed.  One  animal  was 
sacrificed. 

Four  animals  were  catheterized.  Two 
animals  were  dosed.  Follow-up  blood 
samples  w('re  taken.  Animals  were  weighed. 
Follow-up  blood  samples  were  taken.  One 
animal  was  sacrificed. 

Four  animals  were  catheterized.  Two 
animals  were  dosed.  One  animal  was 
sacrificed.  Follow-up  blood  samples  were 
taken . 

One  animal  was  dosed.  Four  animals  were 
sacrificed.  low-up  blood  samples  were 
taken. 

Follow-up  blood  samples  were  taken. 

Three  animals  were  catheterized.  One 
animal  was  dosed.  Follow-up  blood  samples 
were  taken. 

Animals  were  weighed.  Six  animals  were 
sacrificed. 

Follow-up  blood  samples  were  taken. 

One  animal  was  dosed.  Two  animals  were 
sacrificed.  Follow-up  blood  samples  were 
taken . 

Follow-up  blood  samples  were  taken. 

Two  animals  were  sacrificed.  Follow-up 
blood  samples  were  taken. 

Animals  were  weighed. 

Four  animals  were  catheterized.  Five 
animals  were  transferred  to  this  study 
from  N8601. 

One  animal  was  catheterized.  One  animal 
was  dosed. 

Animals  were  weighed.  Two  animals  were 
catheterized.  Three  animals  were 
sacrificed.  Follow-up  blood  samples  were 
taken . 

Follow-up  blood  samples  were  taken. 
Follow-up  blood  samples  were  taken. 

Two  animals  were  catheterized.  One  animal 
was  dosed. 
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4  Aug  86  One  animal  was  sacrificed.  Follow-up  blood 

samples  were  taken. 

5  Aug  86  Animals  were  weighed.  One  animal  was 

dosed. 

6  Aug  86  One  animal  was  dosed.  Follow-up  blood 

samples  were  taken. 

7  Aug  86  Three  animals  were  sacrificed.  Follow-up 

blood  samples  were  taken. 

8  Aug  86  One  animal  was  sacrificed.  Follow-up  blood 

samples  were  taken. 

11  Aug  86  Follow-up  blood  samples  were  taken. 

12  Aug  86  Follow-up  blood  samples  were  taken.  29 

animals  were  received  from  Bantin  & 
Kingman.  They  were  examined,  housed,  and 
fed. 

13  Aug  86  Follow-up  blood  samples  were  taken. 

Animals  from  12  Aug  shipment  were 
eartagged  and  weighed,  and  a  quality 
control  animal  was  submitted  to  necropsy. 
15  Aug  86  Follow-up  blood  samples  were  taken. 

18  Aug  86  One  animal  was  sacrificed.  Follow-up  blood 

samples  were  taken.  28  animals  were 
received  from  quarantine  (from  12  Aug 
shipment) . 

19  Aug  86  Eight  animals  were  catheterized.  Animals 

were  weighed. 

20  Aug  86  Four  animals  were  catheterized.  One  animal 

was  sacrificed. 

21  Aug  86  Four  animals  were  catheterized. 

22  Aug  86  Three  animals  were  catheterized.  Two 

animals  were  dosed.  One  animal  was 
sacrificed. 

23  Aug  86  Two  animals  were  dosed.  Follow-up  blood 

samples  were  taken. 

24  Aug  86  Follow-up  blood  samples  were  taken. 

25  Aug  86  Two  animals  were  catheterized.  One  animal 

was  dosed.  Follow-up  blood  samples  were 
taken . 

26  Aug  86  One  animal  was  dosed.  Animals  were 

weighed.  Follow-up  blood  samples  were 
taken . 

2’  Aug  86  Two  animals  were  dosed.  Follow-up  blood 

samples  were  taken. 

28  Aug  86  Two  animals  were  dosed.  Follow-up  blood 

samples  were  taken. 

29  Aug  86  Two  animals  were  dosed.  Follow-up  blood 

samples  were  taken. 

30  Aug  86  Follow-up  blood  samples  were  taken. 

31  Aug  86  Follow-up  blood  samples  were  taken. 

1  Sep  86  Follow-up  blood  samples  were  taken. 

2  Sep  86  Animals  were  weighed.  Follow-up  blood 
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A  Sep  86 

5  Sep  86 

6  Sep  86 

7  Sep  86 

8  Sep  86 

9  Sep  86 


10 

Sep 

86 

11 

Sep 

86 

12 

Sep 

86 

13 

Sep 

86 

14 

Sep 

86 

15 

Sep 

86 

16 

Sep 

86 

17 

Sep 

36 

1'^ 

Sep 

8  6 

22 

Sop 

86 

23 

Sep 

86 

30 

Sep 

86 

7  Oct  86 


8  Oct  86 
10  Oct  86 


samples  were  taken. 

Foliow-up  blood  samples  were  taken. 

'I'wo  animals  were  catheter i zed .  Foilow-i,:p 
blood  samples  were  taken. 

Two  animals  were  catheter! zed .  Follcw-np 
blood  samples  were  taken. 

Follow-up  blood  samples  were  taken. 

Three  animals  were  catheterized .  Follow-up 
blood  samples  were  taken. 

One  animal  was  dosed.  Follow-up  blood 
samples  were  taken. 

One  animal  w'as  dosed.  Follow-up  blood 
samples  were  taken. 

Animals  were  weighed.  Foilow-up  blood 
samples  v.-ere  taken. 

Three  anim.als  were  dosed.  One  animal  wos 
sacrificed. 

Follow-up  blood  samples  were  taken. 
Follow-up  blood  samples  were  taken. 
Follow-up  blood  samples  were  taken. 

An  animal  was  dosed  to  compare  MHb  values 
from  catheter  and  tail  vein. 

Follow-up  blood  samples. 

Follow-up  blood  samples. 

An  animal  was  dosed  to  stain  for  Heinz 
body  i  i  f  i  cat  i  on . 

oacfiliced  one  animal. 

Sacrificed  two  animals.  Animals  were 
weighed . 

Animals  were  weighed. 

Animals  were  weighed.  Three  animals  wore 
dosed  so  that  they  could  be  used  to  verify 
Heinz  bodies. 

Examined  blood  for  Heinz  bodies. 

Remaining  animals  were  sacrificed. 
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93.224 

406.095 

0.646 

3.0 

293 

127.670 

995.321 

1.008 

5.4 

300 

110.600 

834.601 

1 .187 

5.2 

308 

169.330 

1114.928 

1.426 

4.5 

474 

118.266 

805.269 

1.253 

4.7 

481 

91.668 

761.459 

1.111 

5.7 

487 

89.106 

695 . 455 

1.380 

5.4 

493 

104.421 

1172.944 

2.123 

7.7 

113.036 

848.259 

1.267 

5.2 

26.491 

246.862 

0.423 

1.3 

9.366 

87.279 

0.150 

0.5 

100 

mg  (BAN) /kg 

Animal 

T  1/2 

ADC 

T-Max 

C-Max 

number 

\hrs ) 

(%  *  hrs) 

(hrs) 

(%) 

297 

127.722 

1713.381 

0.808 

9.3 

301 

137.934 

1505.523 

7.239 

7.3 

314 

34.737 

990.774 

9.042 

14.9 

387 

117.686 

1628.541 

1.331 

9.5 

482 

97.774 

931.178 

0.531 

6.6 

486 

76.750 

1443.706 

0.681 

13.0 

489 

60.063 

1220.285 

0.505 

14.0 

494 

92.732 

1430.515 

0.848 

10.6 

93.175 

1357.988 

2.623 

10.6 

35.051 

285.320 

3.449 

3.1 

12.392 

100.876 

1.219 

1.1 

AUC  = 

area  under 

the  time-concentration 

curve 

T-Max 

=  time  to  peak  concentration 

C-Max 

peak  concentration 

T  1/2 

=  half-time 

of  methemoglobin  reduction 

APPENDIX  G 


.•“r 


xmuWM  v«  inrvwirr, 


KWJWWJWHVfWMlWUUI' 


Orner  et  ai--45 


HEINZ  BODY  DATA 

Time  (after  dosing)  of  First  Appearance 


50  mg (HAN) /kg  100  mg (HAN) /kg 


ANIMAL  NUMBER 

TIME 

(hrs) 

ANIMAL  NUMBER 

TIME 

(hrs) 

282 

/L 

297 

3 

293 

48 

301 

2 

300 

4 

314 

2 

308 

6 

387 

2 

474 

5 

482 

4 

481 

4 

486 

1 

487 

5 

489 

5 

493 

1 

494 

1 
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SLCBR-IB-B 
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Crsrr.marder 

US  Army  Medical  Research  and  Development 
Command 

ATTN:  SGRD-PLC 

Fort  Detriclc 

Frederick,  MD  21701-5012 


Commander 

US  Army  Medical  Research  and  Development 
Command 

ATTN:  SGRD-RMi-o 

fcrt  Detrick 

Frederick,  Mu  /lVCl-501? 


Derense  Technical  Inf  ci.naL  ion  Ccritor 
ATTN:  UTIC-DDAC 

Cameron  Station 
Alexandria,  VA  22304-6145 


Commander 

Armament  Research,  Development  .r.d 
Engineering  Center,  FSAC 
ATTN:  SMCAR-FSS-DA/Mr .  Clifford  Da.y 

Picatinny  Arsenal,  NJ  07806-5000 


Commandant 

Academy  of  Health  Sciences 
US  Army 

ATTN:  HSHA-CDM 

Fort  Sam  Houston,  "X  78234-2211 


AIR  FORCE  Office  cf  Scientific  Research 
(NL) 

Building  410,  Rocm  A217 

Bolling  Air  Force  Rase,  DC  20332-6448 


Commander 

USAFSAM/TS/ 

Brooks  Air  Force  Base,  TX  78235-5000 
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